Textile wastewater is contaminated by reactive dye causing unattractive levels of wastewater color, high pH and high salt content when discharged into public water systems. Decolorization of textile wastewater by plant, phytoremediation, is an alternative, sustainable method which is suitable for long term operation. Narrow-leaved cattails are one species of wetland plant with efficiency for decolorizing and remediating textile wastewater. In addition, chemical oxygen demand (COD) can be lowered and dye residue can be removed. The plant also showed a good salt tolerance even after being exposed to a salt solution for 15 days. The narrow-leaved cattails were set up in a constructed wetland model with a vertical flow system operating from bottom to top for synthetic reactive dye wastewater (SRDW) removal. Narrow-leaved cattails could achieve the removal of SRDW at approximately 0.8 g SRDW m 22 day 21 . Decolorization of SRDW by this plant was approximately 60%. The advantage of this method is that it is suitable for textile wastewater management and improvement of wetland. These plants could lower COD, remove dye, sodium and total dissolved solids (TDS) whereas other biological and chemical methods could not remove TDS and dye in the same time. These results suggested that the spongy cell structure of this plant has the ability to absorb large amounts of water and nutrients.
INTRODUCTION
Textile wastewater treatment by constructed wetland, phytoremediaton, is environmentally friendly. This alternative treatment method is easy to operate, is cost effective and requires low maintenance (Willey 2007) . In Thailand, the application of constructed wetland for use in the textile industry is of increasing importance since aquatic perennial plants are natural resources found around the textile industry. Until now, they were mainly applied in constructed wetlands in pre-treatment of wastewater prior to physical and/or chemical remediation methods before wastewater was released into the public water system.
Textile effluent contains several substances released during processes such as bleaching, dyeing, and washing. Those substances are xenobiotic and difficult to degrade or eliminate by physico-chemical methods. The symbiosis in degradation (Kadlec & Knight 1995) . Reactive azo dyes with highly soluble properties and the complexities of the effluent the causes of the enzvironmental problem (Zollinger 2004) . The colored wastewaters are unattractive to the public (USEPA 1996 (USEPA , 1999 since the conditional indicator of color indicates that the dye in wastewater has to be reduced to an acceptable level (Maguire & Burlington 1991) .
Reactive azo dyes are categorized as restricted chemical in European countries because the derivative compounds of this substance, such as aromatic amine and phenol, are mutagens and/or carcinogens in the food web via aquatic living organism and a risk to humans due to substances of very high concern. Thai government legislation has forced the textile industries to treat the effluent to meet environmental standard levels before releasing it into the public water system (Department of Industrial Works 2007).
Textile wastewater decolorization has been reported by several methods; nevertheless the physical and/or chemical methods could only enhance the efficiency of decolorization but required high investments of chemicals, energy and budget for maintenance (Beszedits 1980; Buckley 1992; Naumczyk et al. 1996) . Constructed wetlands can fulfill several proposes such as organic, inorganic, heavy metal treatment, municipal wastewater treatment, and mining wastewater and highway runoff treatment with several submerge plant species (Cronk & Fennessy 2001; Doucette et al. 2005; Gessner et al. 2005; Nepovim et al. 2005) . For reactive azo dye treatment, wetlands have been constructed using reed or Phragmites (Pervez et al. 1999; Davies et al. 2005) , but for textile dye removal or textile wastewater treatment the use of cattails has never been reported. Nilratnisakorn et al. (2007) studied the potential of narrowleaved cattails for reactive dye removal; these plants showed a capacity for dye removal on the pot scale. The preliminary study investigated the dye toxicity under the condition of low and high concentration of dye. The results of the study showed that a dye toxicity of 25.33 mg l 21 could be removed, which is close to dye residue removal needed for textile effluent to be released in to the public water system. They were expressed in terms of the effects of the toxic dye on relative plant growth rate and the appearance of symptoms such as necrosis, chlorosis, chronic and acute wilting as well as the decrease of system pH. The results showed a maximum color removal and sodium removal of 60% and 40%, respectively, which indicated that this plant could treat wastewater. Scanned Electron Microscope (SEM) images of narrow-leaved cattail after treatment of synthetic reactive dye wastewater (SRDW) revealed that the root cortex was damaged and that crystalline sodium salts were deposited in the root cells which were caused by 
MATERIALS AND METHODS

Synthetic reactive dye wastewater (SRDW)
The commercial diazo C.I. Reactive Dye 141-RR 141, Molecular weight ¼ 1,774, Solubility ¼ 50 g l 21 ) ( Figure 2) in this study was obtained from DyStar, Thai Co., Ltd.
Thailand. Synthetic reactive dye wastewater was prepared from 4 g l 21 of RR141, 90 g l 21 of sodium sulphate (Na 2 SO 4 ) and 20 g l 21 sodium carbonate (Na 2 CO 3 ) according the protocol for dyeing processes given by DyStar. In the dyeing process, sodium sulphate and sodium carbonate were added to increase the dye substance and improve the dyeing speed, respectively. At the end of the SRDW synthesis process, the SRDW contained 400 mg l 21 of RR141 with a pH 10 -11. The efficiency of constructed wetland was performed by measuring pH, absorbance of RR141 at l max ¼ 544.
The percentage of color removal was calculated by the following equation:
The data collection of plant leaves and roots of the control and treatment sets included wet weight, dry weight, height, number of leaves, number of roots, number of shoots, and appearance symptoms.
Chemicals analysis
Plants after treatment with SRDW were collected to study the functional group by Fourier Transmission Infrared (FTIR) Spectrophotometer, X-ray Diffraction (XRD), SEM/EDX, TEM/EDX and Inductively Coupled Plasma (ICP) Spectrophotometer (Nilratnisakorn et al. 2007) . A race of narrow-leaved cattails grows in the mangrove area of Bangkhuntien where the salinity condition is 1 -2% so it is likely that the plant could grow in the caustic conditions of SRDW. Therefore, when narrow-leaved cattails were grow in SRDW with a salinity of 4 -6%, the plant might adapt and develop an avoidance defense mechanism.
Salt accumulation in plant leaves and roots after treatment with SRDW was discovered under the electron microscope.
The decrease of COD and TDS in SRDW suggested that the large molecules of the dye might be caught in barriers in the vascular system of the plants, but TDS of SRDW was mainly Na 2 SO 4 and Na 2 CO 3 which were added during the dyeing process. The small molecules of those salts could be dissolved, absorbed and then pass through the semipermeable membrane of the plants. The results of TDS removal were higher than COD removal by these plants.
The discharge wastewater obtained during this experiment met the standard of polluted water as shown in Table 1 . However, the COD parameter should be Table 2 .
Chemicals analysis of SRDW treatment by narrow-leaved cattails
Narrow-leaved cattails were exposed in SRDW under the hydraulic retention time of 15 days. SRDW contaminants were accumulated in the plant and the removal capacity was stabilized at 58%, even though at 18 days of HRT the removal capacity was 59%. Physico-chemical analyses were provided by sampling exposed plants to study the functional group via SEM/EDX, TEM/EDX, FTIR and XRD, respectively. Table 3 summarizes increased level of H þ in leaves from salt stress and silicon will maintain the optimal membrane fluidity of monocotyledon plant (Rodriguez et al. 2005) .
The possible mechanism for textile wastewater treatment by this plant suggests that it has external and internal mechanisms to do so as the results from SEM-EDX, TEM-EDX, FTIR and XRD have shown. The dye absorption and the sodium salt precipitation at the outer membrane of the plant, as the external mechanism, found siloxane (SiZOZSi) group was involved. The results
shown in FTIR and TEM-EDX implied that silicon, calcium and iron were involved in dye absorption by an internal mechanism. This indicated that silicon was induced by SRDW. SRDW treatment by this plant also needs NH from amide group as the result of FTIR showed that the amide group (NH) changed. The function of silicon, calcium and protein might be related to each other.
At the beginning of stress from caustic conditions like SRDW, the stress will turn on the protein kinase and other proteins. The protein will increase from accumulation of free proline in the stem by function of calcium signal transduction. This will involve in the protons released in the cell and acting on hundreds of different proteins.
During proline expression, plants will be avoiding osmotic stress that is caused by salt stress. Proline will help the plant to maintain its moisture and fluidity (Feng Ma & Yamaji 2006; Shao et al. 2007) . The salinity toxic mitigation also the one of silicon function for decreasing sodium ion concentration in shoot of monocotyledon plant (Tuna et al. 2008) . The complementary function of calcium and silicon was found in the formation of siloxane bond, this process also required calcium to achieve the maximum activity.
CONCLUSIONS
The constructed wetland with a vertical flow system operating from bottom to top in this study revealed the efficiency of narrow-leaved cattails for SRDW treatment.
The results indicated that the constructed wetland could achieve the objective of improvement of effluent, especially color, COD and TDS removal, to levels that are within local legislation. Narrow-leaved cattails are the main source of dye removal in this constructed wetland system; however, the role played by symbiotic microorganisms need further study. The possible mechanism of textile wastewater treatment by this plant suggested that silicon, calcium and proteins of the plant might play a role by binding with dye molecules, which would help to prevent stressful conditions from developing in the plant by keep balance of osmolysis.
Further study is needed on which proteins are involved in the SRDW defense mechanism.
